Abstract Cutaneous leishmaniasis is one of the important skin diseases with diverse clinical manifestations. With an incidence of 0.7-1.3 million cases annually, this disease is often reported from six countries, including Iran. Accordingly, the purpose of this study was to evaluate the antileishmanial effect of the three plant hydroalcoholic extracts including fleawort (Plantago psyllium L.), savory (Satureja hortensis L.) and tarragon (Artemisia dracunculus L.) on Leishmania major promastigotes. The hydroalcoholic extract from each plant was extracted and its anti-leishmanial effect was evaluated in different concentrations (100-1000 lg/ml) and at various hours (24, 48 and 72 h). Savory herb inhibitory concentration 50 % (IC 50 ) at 24, 48 and 72 h was 790.81, 398.11 and 298.42 lg/ml, respectively. In addition, tarragon herb IC 50 at 24, 48 and 72 h was 962.03, 688.36 and 585.51 lg/ml, respectively. Moreover, the fleawort extract was showed the lowest effect, considering that its effect at the concentration of 1000 lg/ml was 48 % after 72 h (P [ 0.05). Furthermore, the statistical analysis showed a significant difference for interaction between concentration and time regarding the tarragon and savory extracts with a P value of lower than 0.05. According to the results, the anti-leishmanial effect of the tarragon and savory extracts may make it possible to use them in the treatment of cutaneous leishmaniasis as a complementary or alternative therapy; however, further studies are necessary and should be evaluated in cell culture and in vivo conditions to confirm it.
Introduction
Cutaneous leishmaniasis is one of the important skin diseases with diverse clinical manifestations (Salehi et al. 2014) . With an incidence of 0.7-1.3 million cases annually, this disease is often reported from six countries, including Iran (WHO 2015) . It seems that the incidence of this disease is increasing in the world (Karami et al. 2013; Fata et al. 2015) . The annual increase of this disease, especially in endemic areas such as Iran, is thought to be due to the development of drug resistance in the disease-causing parasites (Croft et al. 2006) . On the other hand, the line 1 and 2 medicines for the treatment of this disease, namely antimonial compounds and Amphotericin B, respectively, may come along with serious side effects, and furthermore, due to the relatively long period of treatment, it should be prescribed with caution in some people, and even sometimes the patient monitoring is crucial (McGwire and Satoskar 2014) . Accordingly, the World Health Organization (WHO) recommended strongly the use of herbal medicine in the treatment of cutaneous leishmaniasis (Saki et al. 2015) . It deserves mentioning that more than 25 % of modern medicines are of plant origin. In addition, almost 80 % of essential medical medicines such as anticancers and immunosuppressants are made of herbal components (Pan et al. 2013) . Accordingly, the purpose of this study was to evaluate the anti-leishmanial effect of the three plant hydroalcoholic extracts including fleawort (Plantago psyllium L.), savory (Satureja hortensis L.) and tarragon (Artemisia dracunculus L.) on Leishmania major promastigotes.
Materials and methods

Parasite
Leishmania major promastigotes, strain MRHO/IR/75/ER, were obtained from the Medical Parasitology and Mycology department, School of Medicine, Shahid Sadoughi University of Medical Sciences, Yazd, Iran. The parasites were maintained in BALB/c mice. Amastigotes were isolated from mice spleen, and then transformed to promastigotes in Novy-Nicolle-Mac Neal (NNN) medium. Promastigotes from the third passage in NNN medium were adapted gradually to RPMI 1640 medium supplemented with 10 % fetal bovine serum (FBS), 100 lg/ml streptomycin, 100 IU/ml penicillin, at temperature of 25°C. 
Extraction
Extraction was performed using maceration method. Initially, tarragon was dried at room temperature, ground and then passed through a sieve. Then 50 g of the resulting powder was poured into a sterile screw-capped glass container and mixed with 500 ml of ethyl alcohol (80 %). The extraction was carried out during 1 week. Subsequently, the extract was concentrated on a rotary evaporator under vacuum conditions at 45°C and stored at -20 until use. Fleawort and savory were extracted according to the same procedure was used for tarragon extraction.
Experimentation
The obtained extracts were dissolved in dimethyl sulfoxide (DMSO), with a final concentration of 0.2 % DMSO in test solution. Then, 100-1000 lg of each extract was encountered with 1 9 10 6 exponentially growing promastigotes in separate tubes each containing RPMI medium, 10 % fetal bovine serum (FBS), 100 lg/ml streptomycin and 100 IU/ ml penicillin. All of the tubes were incubated at 25°C for 72 h. The experiment was performed in single-blind and triplicate in view of that for each concentration the average of three tubes was considered. In addition, a negative control group containing DMSO and the parasite was considered. At the 24, 48 and 72 h, 10 ll of each tube was spread on a glass slide and 10 ll of 0.4 % trypan blue was added to it and mixed gently. After 5 min, the parasites mortality rate was calculated by counting the number of live (not stained) and dead (stained) promastigotes according to the following formula:
Mortality rate:
The number of killed promastigotes The number of killed promastigotes þ The number of viable promastigotes Â 100
Accordingly, at least 50 microscopic fields were examined for each sample.
Data analysis
The normal distribution of data was evaluated by Kolmogorov-Smirnov (K-S) test. Afterwards, the interaction between time and concentration was calculated by repeated-measures analysis of variance for each extract. Additionally, two-tailed t test analysis based on different concentrations was used to reveal the statistical difference between each of the extracts and the negative control group at a given hour.
Results
Savory IC 50 at 24, 48 and 72 h was 790.81, 398.11 and 298.42 lg/ml, respectively. The effect of the savory extract in different concentrations on the parasite has been shown in Fig. 1 . In addition, tarragon IC 50 at 24, 48 and 72 h was 962.03, 688.36 and 585.51 lg/ml, respectively. The effect of the tarragon extract in different concentrations on the parasite has been shown in Fig. 2 . Moreover, the fleawort extract was showed the lowest effect, considering that its effect at the concentration of 1000 lg/ml was 48 % after 72 h. The obtained P values from two-tailed t test analysis for savory compared to the negative control at 24, 48 and 72 h were 0.05, 0.02 and 0.02, respectively. Furthermore, for tarragon compared to the negative control it was 0.12, 0.04 and 0.02 at 24, 48 and 72 h were, respectively. The fleawort extract was showed no significant difference statistically as compared to the control group (P [ 0.05). In addition, the result of repeated-measures analysis of variance for interactions between concentration and time for the fleawort extract was not significant statistically (P [ 0.05) while for the tarragon and savory extracts, it was significant statistically (P \ 0.05).
Discussion
The use of herbs in the treatment of skin diseases goes back to centuries ago. One of the important points in the use of herbal medicines is that they often have far fewer side effects than synthetic drugs (Pan et al. 2013 ). Until now, many studies have been carried out regarding the effect of herbal compounds on parasites. Given that cutaneous leishmaniasis is limited to the skin typically, so the use of an effective topical medicine in treating this disease is very important. In the present study, the fleawort extract showed no obvious anti-leishmanial activity, while the two others, namely the tarragon and savory extracts, showed a significant anti-leishmanial effect. Studies showed that a number of herbs have moderate to strong anti-leishmanial activity (Dutta et al. 2007; Cruz-Ede et al. 2013; Rodrigues et al. 2014; Azizi et al. 2014; Nosratabadi et al. 2015) . Some authors found that a few plants can be used as an adjuvant in vaccination against Leishmania spp. (Santos et al. 1997; Kaur et al. 2014) . Recent studies showed that the extracts of Hedera helix and Peganum harmala have potent antileishmanial effects (Khoshzaban et al. 2014; Hooshyar et al. 2014) . Moreover, the anti-leishmanial activity of Juglans regia and Lawsonia inermis was shown in another study (Serakta et al. 2013 ). The study conducted by Peixoto et al. (2011) revealed that the hydroalcoholic extract of Miconia langsdorffii Cogn., especially C-28 methyl ester derivative, have remarkable anti-leishmanial effects. The result of one study demonstrated that a-pinene, a p-cymene-derived compound, has a notable anti-leishmanial activity (Rodrigues et al. 2015) . Likewise, the result of another study showed that the plant Myrtus communis has anti-leishmanial properties in vitro, and it is likely due to its a-pinene contents (Mahmoudvand et al. 2015) . There is about 5.1 % a-pinene in the tarragon essential oil (Obolskiy et al. 2011) and it seems that its anti-leishmanial effect is because of this compound. The plant savory also contains about 2.7 % of this substance (Mahboubi and Kazempour 2011) and it was capable of killing this parasite, as observed in the present study. Many studies showed that phenolic compounds have potent anti-leishmanial activity (Arias et al. 2012; Mohammadpour et al. 2012 ). Thymol and carvacrol as phenolic compounds are two major components of the savory essential oil (Mahboubi and Kazempour 2011) while tarragon has no phenolic compounds in its essential oil (Obolskiy et al. 2011) . It seems that more effect of the savory extract on Leishmania major than the tarragon extract is because of its phenolic compounds. The anti-leishmanial effect of three herbal extracts was examined in this study, the two of which showed a considerable anti-leishmanial activity, namely savory and tarragon. Traditionally, the two recent plants have long been used for therapeutic purposes (Obolskiy et al. 2011; Mahboubi and Kazempour 2011) . According to the results, the antileishmanial effect of the tarragon and savory extracts may make it possible to use them in the treatment of cutaneous leishmaniasis as a complementary or alternative therapy; however, further studies are necessary and should be evaluated in cell culture and in vivo conditions to confirm it. 
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